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© A method as shown in FIG. 3 for communicating 
in a TDMA communications system where a plurality 
of mobile stations communicate directly to one an- 
other without the benefit of infrastructure, according 
to a plan of communication (30) and using the same 
coding scheme, modulation scheme, and channel 
definitions as a main TDMA communications system 
involving mobile to mobile communication via radio 
infrastructure. The method includes transmitting a 
hailing message (26) including synchronisation in- 
formation over the predetermined frequency from an 
initiating mobile station to at least one mobile station. 

In a preferred embodiment of the invention, the 
plan of communication includes frequency and time 
hopping. 



FIG. 3 A 
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Field of the Invention 

This invention relates in general to a method 
for communicating in a TDMA communications 
system where a plurality of mobile stations com- 
municate directly to one another according to an 
identified plan of communication using the same 
coding scheme, modulation scheme, and channel 
definitions as a main TDMA communications sys- 
tem involving radio infrastructure. 

Background to the Invention 

Trunked radio systems are well known and are 
generally referred to as communications systems 
that have a plurality of mobile stations that commu- 
nicate via infrastructure. The infrastructure includes 
a base station and a system controller. The system 
controller may be located at the base station. 

Radio communications systems make use of 
radio frequency communications channels for com- 
munication between the mobile stations and the 
base stations. Radio communications systems that 
make use of time division multiple access (TDMA) 
as an access mode are well known. 

For the centrally controlled TDMA system, the 
mobile stations in the system will have access to a 
number of radio frequency carriers or carrier fre- 
quency pairs for communication, one or more of 
which may be available at each base site of the 
system. The carriers support control and traffic 
channels. 

In TDMA communications systems a commu- 
nication frequency or frequencies are divided into 
time frames and time slots. Mobile stations are 
assigned time slots to support their communication. 
The mobile stations communicate at their respec- 
tive assigned time slots through the system con- 
troller of the radio communications system. 

The system controller effectively minimises co- 
channel and adjacent channel interference by cen- 
trally providing synchronisation information, allocat- 
ing communications resources and controlling 
transmitting power. 

C^lt is desired"to"haveTrunked~lTic^ile stations" 
Othat are capable of communicating directly to one 
C another without the benefit of infrastructure which is 
Xknown as a direct mode operation. In direct mode 
,the mobile station may communicate with one oth- 
/er mobile station or a plurality of mobile stations 
(directly without communicating through a system 
/ controller. However, by eliminating the system con- 
troller in the communication arrangement there is 
\no central controller to minimise interference or 
provide synchronisation. 

\ Accordingly, it is desired ~ to'havTX^coMmu^ 
nications system including a plurality of rYibbile 1 
^stations that jiave both a trunked- mode of operation- 



and a^ir^t"lf^e^f~b^e7atio7r^here the direct"! 
mode of operation uses the same coding scheme, j 
modulation scheme and channel definitions as the j 
trunked moctelrf operation and has a means fon 
minimising interference and a means for_ p roviding J 
synchronisation^ 

^SulrTmary of the Invention v . . 

According to the present invention, there is 
provided a method for communicating in a TDMA 
communications system where a plurality of mobile 
stations communicate directly to one another with- 
out the benefit of infrastructure, according to a plan 
of communication and using the same coding 
scheme, modulation scheme, and channel defini- 
tions as a main TDMA communications system 
involving mobile to mobile communication via radio 
infrastructure. The method includes transmitting a 
j 20 ^hailing message including synchronisation informa- 

i ) tion over a predetermined frequency from an initiat- 

vJDQJIlobile.statipn to at least one mobile station. 

In a preferred embodiment of the~inventionrthe~ 
plan of communication includes frequency and 
25 time hopping. 

Brief Description of the Drawing 
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FIG. 1 shows a communication system in dif- 
ferent operating modes. 

FIG. 2 shows an example of frequency and 
time hopping according to the present invention. 

FIG. 3 is a flow chart for a preferred embodi- 
ment of the present invention. 

Detailed Description of the Preferred Embodiment 



Referring to FIG. 1, there is shown three op- 
erating modes of mobile stations in a communica- 
40 tion system. FIG. 1a shows typical trunked mode 
communication between two mobile stations 2, 4 
over trunked communication channels 11, 13. The 
mobile stations 2, 4 communicate via a base sta- 
tion 10 which provides synchronisation and allo- 
45 cates the communications resources in a TDMA 
communications system. 

FIG. 1b shows a direct mode communication 
, between mobile stations 2, 4 whereby the mobile 
station 2, 4 communicate directly to one another 
so without the benefit of the base station 10. FIG. 1c 
\ shows another direct mode communication where 
J one mobile station 2 communicates directly to a 
number of mobile stations 4, 6, 8. Mobile stations 
) that are able to operate in both direct mode and 
55 trunked mode are dual mode mobile stations. 

The mobile stations and the base station-com- 
municate using a TDMA access modejie direct^ 
^ ^ode^ mobiles commuriicateljsingThelsame-Jre-^ 
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I quencies. channel"definitibns7 and -modulation"^ 
^ /the centrally_cpntrolled~(system_ controller) JTDMA/ 
-trunked^mode? Thus, a direct mode mobile may 
also employ~the same time slot structure and cod- 
ing schemes as in the centrally controlled TDMA 
trunked mode. Synchronisation may be provided 
by the mobile station that is initiating the commu- 
nication (the initiating mobile station). The mobile 
station that is initiating the communication may 
simply pass synchronisation information to the re- 
ceiving mobile station before communication is ac- 
tually setup. 

According to a preferred embodiment of the 
present invention, mobile stations communicating 
in direct mode pseudo randomly hop between 
available frequencies and available time slots on a 
per time slot basis, with independent hopping se- 
quences being used for each pair of mobile sta- 
tions or group of mobile stations in communication. 

Frequency hopping is known in centrally con- 
trolled TDMA communications systems to reduce 
effects of multipath fading or non-deliberate jam- 
ming. Frequency hopping is also known in military 
radios to combat deliberate jamming or interception 
of radio signals. Frequency hopping is applied in 
the present invention to mobile stations commu- 
nicating in a direct mode without the benefit of 
infrastructure. 

FIG. 2 shows a number of communications 
channels divided into time frames and time slots, 
1-N. A frequency plan includes a map of frequen- 
cies and time slots to use in a communication 
between mobile stations whereby the mobile sta- 
tions communicate according to the plan. For ex- 
ample, the mobile stations may hop as shown in 
FIG. 2. In time frame k, the mobiles communicate 
at time slot 4 on communication channel 2. In time 
frame k + 1, the mobiles communicate at time slot 
1 on communication channel 1 . In time frame k + 2, 
the mobiles communicate at time slot 1 on commu- 
nication channel 7. 

In a communication system where the mobile 
stations are communicating in a direct mode ac- 
cording to a frequency and time hopping plan the 
probability of significant interference at one mobile 
station due to transmissions from other mobile sta- 
tions will be small, and a bit error rate (after de- 
interleaving and error correction decoding) will be 
low even if there is a nearby mobile station which 
is also transmitting. The hopping avoids the case 
where a pair of mobile stations are unable to com- 
municate due to the presence of a nearby mobile 
station transmitting at the same time on the same 
or adjacent channels. 

To enable the setup of a call, each mobile 
station or group of mobile stations will have an 
identity and a dedicated starting frequency for the 
hopping sequence. The starting frequencies could 



be the same or different for each mobile station or 
group of mobile stations. When the starting fre- 
quencies are the same, once a communication has 
been set up, the starting frequency could be used 
5 less often during communication than the other 
available frequencies to reduce the probability of 
interference during call setup for other mobile sta- 
tions. 

A mobile station initiating a call must know the 
io receiving mobile station's identity and starting fre- 
quency or group's identity and starting frequency. 
The initiating mobile station will send the synch- 
ronisation and signalling messages on the starting 
frequency carrier to the receiving mobile stations. 
75 This may be repeated to reduce the probability of 
blocking due to another mobile station temporarily 
hopping onto the starting frequency carrier. The 
receiving mobile stations, after obtaining frequency 
and timing synchronisation with the initiating mobile 
20 station, will recognise its identity and will respond 
thus enabling call setup. 

FIG. 3 shows a flow chart for a preferred em- 
bodiment of the present invention. The flow chart is 
an example of how a dual mode mobile station 
25 operates according to r a^preferred_embodiment of 
the present invejitionjA r mobile station attempts^to^ 
^communicate with a valid base station as in step ~1 
(20. If the mobile base station cannot communicate \ 
\ with a valid base station,, for instance, when the J 
30 C mobile station is out of transmitting range or there J 
I is a network^pr^Jen^th^OTobile station-selects-to 
^communicate in a direct mode operation as in step 
22. JVIternativelyTa mobile" station" may" simply deO 
sire to communicate directly to at least-one other 
35 mobile^station within transmitting range and avoid 
communicating through the base station. Thus, the "~l 
(mobile station may simply select direct mode as in / 
step 22. The mobile station may select direct modeA 
f manually such as by a conventional switch mecha^ 
40 nism on his mobile station or the mobile station } 
may automatically switch into direct mode when it- 
unable to communicate to a valid base stations 
^Jf the^mgbile^ station desires to set up a call, j 
step 24, the mobile station (initiating mobile station)' 
45 transmits a hailing message .on a predetermined 
frequency and waits for a response for a period of) 
time as in step 26. The hailing message includes 
synchronisation information and may include a re| 
quest for communication from the initiating mobile 
so station for a specific mobile station or a selected 
gijoup of mobile stations. The predetermined fre- 
quency may be associated with particular mobile 
stations' identities. 



55 



If the mobile station has not received a reply in 



a predetermined period of time the mobile station' 
mjay choose to transmit another hailing message' 
and wait again, step 28. If the initiating mobile 
station^receiveszarreply^frprn^th e-oth errmobiie^stai 
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tion call procedures^ af step 30^may be set up~ 
^between trie communicating mobile stations. 
/ticularly, a frequency and time hopping plan is Ns 
idecided on or simply passed from the initiating 
f mobile station to the other communicating mobile[ 
^stations as in step 32. The communication then 

continues according to the frequency and time 
^hopping plan, step 32, until the call is completed^/ 

step 34/ - — 

^^IMh^irect:mod^mobil^ io 
to set up a call it monitors a predetermined fre-j) 
quency over which hailing messages may be transj 
mitted by other mobile stations to the monitoring/ 
mobile station as in step 36. If the monitoring 
mobile station does not detect any communication 75 



on the predetermined frequency it may simply con 



s 



tinue monitoring the predetermined frequency or 
attempt to communicate with a base station as in 
'step 40. Jj 
|| If the monitoring mobile station does receive a 20 
communication on the predetermined frequency] 
the monitoring receives the synchronisation inforpj 
mation and looks for the hailing message as in step) 
42. If the hailing message requests the monitoring 
mobile station for communication then call setup' 25 2, 
and conduct procedures are established and the 
monitoring mobile station receives the frequency 
/and time hopping plan from an initiating mobile as 
in step 48. Alternatively, any mobile station mayj 
provide a plan of communication as long as the 
plan of communication is agreed upon by the inij 
tiating mobile station as well as other mobile sta-j 
tions involved in the particular communication. The 



mobile stations then communicate according to the 
// communication plan, step 50, until the call is com- 
iipleted^s^ 

^WherTthe direct mode call is completed the 
mobile station may desire to no longer operate in 
direct mode and attempt to communicate with a 
valid base station, step 20. If the mobile station 
detects a valid base station then the mobile station 
may communicate as already known in typical 
base station system environment. For example, the 
mobile station must register with the base station if 
it had not already registered, steps 54 and 56. 
Then the mobile station communicates in the sys- 
tem via infrastructure. The mobile station may then 
operate in idle mode, step 58. 

Thus, there is provided a dual mode mobile 
station with the ability to monitor both direct mode 
communications signals and communications sig- 
nals from the system controller of the trunked radio 
system. The same mobile equipment may be used 
in both environments without needing to add cir- 
cuitry or components. Synchronisation and commu- 
nication plans are provided by an initiating mobile 
station to enable direct mode communication ac- 
cording to the TDMA communications system em- 



ployed by the system controller. 
Claims 

1. A method for communicating in a TDMA com- 
munications system including a plurality of mo- 
bile stations that communicate directly to one 
another without the benefit of infrastructure us- 
ing the same coding scheme, modulation 
scheme, and channel definitions as a main 
TDMA communications system involving mo- 
bile to mobile communication via radio infra- 
structure, the method for communicating com- 
prising the steps of: 

transmitting a hailing message including 
synchronisation information over the predeter- 
mined frequency from an initiating mobile sta- 
tion to at least one mobile station; and 

monitoring a predetermined frequency by 
the at least one mobile station; 

identifying a plan of communication by 
one of the mobile stations for the mobile sta- 
tions to communicate thereby. 



The method of claim 1 wherein the step of 
transmitting a hailing message includes re- 
questing communication with the at least one 
mobile station by the initiating mobile station. 



30 3. The method of claim 2 further comprising the 
step of: 

acknowledging request for communication 
by the at least one mobile station. 

35 4. A method for communicating in a TDMA com- 
munications system including a plurality of mo- 
bile stations that communicate directly to one 
another without the benefit of infrastructure us- 
ing the same coding scheme, modulation 

40 scheme and channel definitions as a main 

TDMA communications system involving mo- 
bile to mobile communication via radio infra- 
structure, the method for communicating com- 
prising the steps of: 

45 transmitting synchronisation information 

over the predetermined frequency from a sec- 
ond mobile station to a first mobile station; 

monitoring a predetermined frequency by 
the first mobile station; 

50 requesting communication with the first 

mobile station by the second mobile station; 

acknowledging request for communication 
by the first mobile station; and 

identifying a plan of communication by 

55 one of the mobile stations for the first and 

second mobile station to communicate there- 
by. 
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5. The method of any preceding claim wherein 
the predetermined frequency is a frequency 
known by the initiating mobile station as being 
associated with the first mobile station's iden- 
tity. 5 

6. The method of any preceding claim wherein 
the plan of communication is a frequency hop- 
ping plan. 

10 

7. The method of any preceding claim wherein 
the plan of communication is a time slot hop- 
ping plan. 

8. The method of any preceding claim wherein 15 
the frequency plan of communication com- 
prises frequencies other than the predeter- 
mined frequency. 

9. The method of any preceding claim further 
comprising the step of monitoring signals from 
a system controller of the TDMA communica- 
tion system by the mobile station monitoring 
the predetermined frequency. 

10. A method for communicating in a TDMA com- 
munications system including a plurality of mo- 
bile stations that communicate directly to one 
another without the benefit of infrastructure us- 
ing the same coding scheme, modulation 
scheme and channel definitions as a main 
TDMA communications system involving mo- 
bile to mobile communication via radio infra- 
structure substantially as herein described with 
reference to FIG. 3 of the drawing. 
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FIG.1 
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FIG.3B 




IN IOL'E 
MODE AND POLLING TIME 
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